Conversely, invasive monitoring techniques can drive termites away from the monitor, creating an artifact of apparent control because of relocation of the termites (Aluko & Husseneder, 2007) . Alternatives to visual inspection include monitoring devices with sensors that detect acoustic emissions of termites in wood (Fujii et al., 1990; Lewis & Lemaster, 1991; Noguchi et al., 1991; Robbins et al., 1991) . Acoustic emission sensors are successful because they are nondestructive and operate at high frequencies (ca. 40 kHz) where there is negligible background noise to interfere with detection and interpretation of insect sounds (Lewis & Lemaster, 1991; Robbins et al., 1991) . Acoustic emission systems have been applied as research tools to estimate termite population levels (Fujii et al., 1990 , Lewis & Lemaster, 1991 Scheffrahn et al., 1993; Osbrink et al., 2011) . Acoustic emission systems are also ideal for detection of termites in trees (Osbrink et al., 1999; Kramer, 2001; Mankin et al., 2002; Osbrink et al., 2011) .
Understanding the efficacy and dynamics of acoustical detection is critical to it being successfully integrated into an effective pest management strategy. The central objective of this research was to determine the efficacy of using the AED 2000 acoustical emissions detector (Acoustical Emissions Consulting, Inc Fair Oaks, CA) to detect and quantify termite infestations. To meet this objective, studies were conducted to monitor C. formosanus through acoustical emission detection both in the laboratory and in trees outdoors. These studies provide evidence that AED significant potential for application in termite management efforts.
Materials and Methods

Acoustical Emission Detector (AED)
An AED 2000 acoustical emissions detector (Acoustical Emissions Consulting, Inc Fair Oaks, CA) was used to quantify termite activity. Lag bolt wave guides (76.2 or 150 x 9 mm) were screwed horizontally into pre-drilled pilot holes in wood substrates. Acoustical emissions were detected with a sensor probe (Model SP-1L with Model DMH-30 high force magnetic accessory attachment, Acoustic Emission Consulting, Inc). AED counts were acquired for 60 s with accompanying software, which converts termite sounds to counts per second and enters them into Excel (Microsoft, Redmond WA). Only the numbers of counts in the first 10 s of the 60 s recording were used to represent each unique individual recording. If the first 10 s of recording was contaminated with interference noise (elevated spiked counts), the first 10 s of recording following the cessation of interference noise were used to represent the unique individual recording. Comparisons also were made between the AED 2000 and the more recently manufactured AED 2010 (Acoustical Emissions Consulting, Inc Fair Oaks, CA).
Laboratory Bucket Tests
A vertically oriented section of spruce (Picea sp.) 38 x 89 mm (2x4 inch) dimensional lumber 17 cm in length was attached to the inner side of a lidded plastic buckets (3.79 l, 18.5 cm height x 20 cm diam.) with 2 horizontally applied drywall screws (high and low) and central lag bolt wave guide (76.2 x 9 mm). The head of the lag bolt was accessible from the outside of the lidded bucket (Fig. 1) . The bucket was filled to within 4 cm of top with a moist (≈ 20% water wt/wt) mixture of sand and vermiculite (50:50 by volume). Ten holes were created in the sand-vermiculite substrate with a 5 ml pipette to increase surface area and accelerate acclimatization of termites. Four buckets were prepared for each of 4 termite densities (0, 1,000, 5,000, and 10,000 termites per bucket), in which each density level represents 4 distinct colonies (A, B, C, and D), one colony per bucket. In laboratory bucket tests there were 4 replicates (bucket A, B, C, D), each replicate consisting of a 10 s recording from a specific bucket. Termites were obtained from bucket trap monitors (Su & Scheffrahn, 1986 ) and termite numbers determined by weight. Soldier proportions were about 10%, unchanged from when collected.
Termite Density Response at 7 and 14 d.
Formosan termites were placed in buckets on day 0 (0 d) as described above. Buckets were held in the laboratory (≈ 26.7º C). On 7 d and 14 d AED readings were taken from each bucket. In laboratory bucket tests there were 4 replicates (bucket A, B, C, D), each replicate consisting of a 10 s recording from a specific bucket.
Termite Density Response at Three Temperatures
After completion of readings at 14 d for dose response at 1 temperature, buckets were placed in 3 incubators stabilized at 15, 20, and 25º C, respectively, and evaluated according to the schedule indicated in Table 1 . After readings, buckets were rotated to a new temperature (incubator) and allowed 24 h to acclimate before acoustic readings were again taken. Incubators space limitations required the D samples to be split to fit the 12 buckets into three incubators. In laboratory bucket tests there were 4 replicates (bucket A, B, C, D), each replicate consisting of a 10 s recording from a specific bucket.
Disturbance Test
AED recordings were taken before and after the application of three sharp strikes with a screwdriver to the high density laboratory buckets. In laboratory bucket tests there were 4 replicates (bucket A, B, C, D), each replicate consisting of a 10 s recording from a specific bucket.
Field Test on Trees
Nine wave guides in the form of lag bolts (150 x 9 mm) were screwed horizontally into pre-drilled pilot holes in the trunk of test trees facing north, east, south, and west (Fig 1) . Four wave guides were installed at ground level, four at 20 cm above ground level, and one into the east side of the trunk at a height of approximately 122 cm from the ground. Test trees consisted of four southern live oak trees (Quercus virginiana Philip Miller) with a diameter at breast height (dbh) of ≈ 90 cm, adjacent to Su-bucket-trap-monitors active with C. formosanus (Su & Scheffrahn 1986 ) located on the City Park campus of the Southern Regional Research Center, New Orleans, LA. In field tests on trees, only the numbers of counts in the first 10 s of the 60 s recording were used to represent each unique individual recording. If the first 10 s of recording was contaminated with interference noise (elevated spiked counts), the first 10 s of recording following the cessation of interference noise were used to represent the unique individual recording. In field tests on trees, ten consecutive counts (10 s) were used to calculate mean (± SE) counts per second to quantify termite activity associated with each unique AED tree bolt attachment.
Comparison of AED 2000 with AED 2010.
Eight different recordings from trees were conducted with each model of acoustical emissions detector and results were compared between the AED 2000 and the AED 2010. In field tests on trees, only the numbers of counts in the first 10 s of the 60 s recording were used to represent each unique individual recording. If the first 10 s of recording was contaminated with interference noise (elevated spiked counts), the first 10 s of recording following the cessation of interference noise were used to represent the unique individual recording. In field tests on trees, ten consecutive counts (10 s) were used to calculate mean (± SE) counts per second to quantify termite activity associated with each unique AED tree bolt attachment.
Data Analysis.
Ten consecutive count values (10 s) were used to represent termite activity associated with each unique AED attachment. In laboratory bucket tests there were 4 replicates (bucket A, B, C, D), each replicate consisting of a 10 s recording from a specific bucket. In field tests on trees, ten consecutive counts (10 s) were used to calculate mean (± SE) counts per second to quantify termite activity associated with each unique AED tree bolt attachment. Acoustical data were analyzed using one way analysis of variance (ANOVA) with means separated using the protected Tukey test, P < 0.05 (Systat, 2008) .
Results
Termite Density Response at 7 and 14 d.
Buckets with no termites produced AED readings of zero (control). There were highly significant differences in termite activity between termite colonies, and acoustical emission activity increased concomitantly with increased termite density ( Table 2 ). The highest density always had significantly greater activity than the lowest. Overall, there was no consistent change in termite acuity between 7 d and 14 d, however at the lowest density there was non-significant but numerically consistent increase in activity (Table 2) .
Termite Density Response at Three Temperatures.
Buckets with no termites produced AED readings of zero (control). At low termite density, there was no significant difference in inter-colony activity at all 3 temp (Table  3) , but there was a significant increase in termite activity at the highest density with two colonies and combined colonies (Table 4) . At 20 and 25º C there was always a significant activity dose response except with colony D which did not statistically but did numerically separate 5k from 10k ( Table  3) . Combined colonies demonstrated highly significant density dose response at all temps. At the highest density there was always significantly less termite activity at the lowest temp (Table 4) . At lower density this temperature separation was not as clearly defined.
Disturbance Test
Three of the four colonies displayed a significant decrease in termite activity, and one colony had a numerical but non-significant increase in recorded activity (Table 5) . Qualitatively, termite activity could be heard though the earphones to increase for a brief time before the recording began.
Field Test on Trees
Out of the nine bolts per tree, generally only one or two had significantly high termite activity, with the remainder of the bolts displaying low termite activity (Table 6) .
Comparison of AED 2000 with AED 2010
Of eight different recordings of trees, there was little difference observed between the AED 2000 and AED 2010. The AED 2010 had consistently higher readings that may indicate that it may be slightly more sensitive (Table 7) . Having highly significant differences in termite activity between colonies is consistent with the generally accepted understanding that there can be profound inter-colony differences. These findings support the suggestion of Su and La Fage (1984) to use multiple colonies when conducting bioassays. A possible explanation of the non-significant but numerically consistent increase in activity at the lowest density is that it takes longer for fewer termites to create a gallery system in the wood. Increased size of galleries increases the surface area occupied by termites creating an opportunity for increased generation of acoustical emission.
Termite Density Response at Three Temperatures.
Dose responses to density and temperature were demonstrated most clearly with the combined colony data due to the increased number of samples. These results demonstrate the efficacy of using an acoustical emission detector to detect and monitor termite activity. Because there were significant differences in the AED readings based on termite density, the detector can be useful not only in detecting the presence of termites but also in estimating population density in infested trees or structures.
Disturbance Test.
Though a post-disturbance decrease in activity occurred, a substantial amount of termite activity remained (Table 5) . Qualitatively, earphone monitoring indicated an immediate, brief increase in termite sounds in all instances that is consistent with absconding. Unpublished video has shown FST to cease feeding and abscond following a disturbance, and soldiers (incapable of chewing wood) produce characteristic termite sounds monitored with the AED 2000 (WO personal observation). Additionally, the presence of red imported fire ant colonies, Solenopsis invicta Buren, at tree study sites have produced sounds similar to termites (WO personal observation). Thus, results indicate that AED 2000 recordings are created by termite movement and not feeding activity, possibly a result tarsal claw-substrate interaction. This is inconsistent with reports of Scheffrahn et al. (1993) and Fujii et al. (1990) who attribute signals detected by their devices specifically to termite feeding. This difference in interpretation of results may reflect differences in the nature of the disturbance or in the specifics of the detection mechanism.
Field Test on Trees.
Of the nine bolts per tree, generally only one or two transmitted high termite activity while the remainder of the bolts displayed low termite activity (Table 6) . Energy attenuates much more rapidly horizontally across the trunk than vertically up and down the trunk (Mankin et al., 2002) , suggesting that termite activity is oriented vertical to the bolt. Thus, a single bolt, or readings from a single point cannot determine that a tree is not infested with termites.
Limitations of AED 2000 and AED 2010.
Certain events can interfere with successful recording of termite activity including wind noise, trucks with squeaking breaks, generators, crowd noise, etc. Wind speeds > 14 km/h interfere with recording activity in trees because of leaf flutter, and Excel recordings do not distinguish termite events from unrelated sound events, therefore maintaining a log with qualitative notes is advised. Elevated wind can be a common cause for cancellation of field tests, and demands flexibility in scheduling. Radio interference can also become an issue that may be mitigated by incorporating ferrite chokes and the shortest cord possible.
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